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Abstract 
ZnOmaterial has unique electrical and optical properties that many important applications, including as an anti-reflection coating 
in dye sensitized solar cells. Flat anti-reflective coatings (ARC) made of ZnO on top to improve the optical properties of the 
coating.In this study, ZnO nanoparticle were coated with TiO2 nanolayers by a simple wet chemical route. TiO2 nanorods coated  
ZnO nanoparticle was synthesized by two step i.e. (1) base hydrolysis and polymerization of TiO2 (2) ZnO nanoparticle  were 
coated with a TiO2 layer. The TiO2 coated ZnO prepared was characterized by X-ray diffraction (XRD), Reflectance 
spectroscopy, SEM and TEM. ZnO annealed at a temperature of 400oC have the greatest crystal size than annealedat a 
temperature of 500°C and 600°C. While, the Reflectance (%R)properties shows that the higher annealing temperature of ZnO 
preparations, the higher of %R value of ZnO thin layer.The ZnO prepared by annealed at 400oCgain a good performance of the 
lowest reflectance value. The difference properties are due to differences of light scattering resulting from the crystal size 
effect.The crystals size that have a good performance as an anti-reflection is around 20 nm, result study of ZnOannealed at 
400°C. TEM nanograph shows that the synthesized ZnO have spherical morphology. The optimum performance ofDSSCs was 
conducted using the photoanode ZnO-coated TiO2at present 10%APTMS as surface modifier anchor dye group.  Bythe addition 
of ARC we have been capable improve cell performance so  that cells achieve an efficiency of 1.13%. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
As another photocatalyst, ZnO has unique electrical and optical properties that many important applications, 
such as for transparent conducting films, waveguides, the ultraviolet laser, solar cells, photocatalysts, and varistors1. 
It has played an important role as a semiconductor for the photoelectrochemical cell because its photocatalytic 
performance has been shown to be similar to that TiO2
2.  ZnO has a similar bandgap to that of TiO2approximately 
3.2 eV.It is expected to exhibit similar photocatalyst capacity to that of TiO2, provided that this property is largely 
dependent on the energy level of CB and VB. Therefore, it has been comparatively studied with TiO2 in terms of its 
photocatalytic performance.ZnO electron mobility at about 2000 cm2/(Vs) while the hole mobility is a relatively low 
range of 5-30 cm2/(Vs). Most of ZnO has the characteristics of n -type semiconductor, even without the presence of 
dopant. This is because of the natural crystal defects such as oxygen excess ZnO, and interstitial atom of Zinc. The 
basic properties of ZnO support applications in thin film technology such as the use of ZnO as a thin film solar 
cell.The efficiency of DSSC based on ZnO material, which is still low is not known clearly, but some research has 
shown that this may be due to the stability of the oxide surface and surface density. ZnO crystallizes in the Wurtzite 
structure which does not have a center of inversion. A possible mechanism for the stability of these systems is a 
rearrangement of the electronic structure resulting in an effective charge transfer between the polar surfaces 
removing the macroscopic field which would otherwise be present. Besides control of process parameters such as 
dyes, pH, and a sensitizer also affects the efficiency of DSSC based on ZnO3. 
The main drawback of particulate ZnO in an aqueous environment is, however, its chemical instability:  
 
ZnO  +  2 H+aq Æ Zn2+  +  H2O        (1) 
 
ZnO  + H2O  Æ Zn(OH)2       (2) 
 
Hence, the pH range in which ZnO is found to be stable is very limited.  
 
ZnO nanoparticles better in excitonic recombination. The freeexciton can easily ionize by the scattering of 
longitudinal optical photons. The strength of these phonons can be reduced along with the size reduction of ZnO. 
ZnO is able to absorb powerful photons with energies greater than the band gap energy4. 
Flat anti-reflective coatings (ARC) made of ZnO on top to improve the optical properties of the coating. A 
thickness of 30 nm has been considered for the ITO layer in the case of a hybrid coating. Reducing the ITO 
thickness down to 30nm, compared to a more standard value around 50-70 nm, yields a lower useless absorption in 
the TCO layer. This reduction is made possible in the case of our hybrid design, since the top ZnO layer will also 
contribute to the lateral conduction of electrical charges. 
In this study, ZnO nanoparticle was coated with TiO2 nanolayers by a simple wet chemical route. In order to 
gain high-efficiency DSSCs, the inorganic semiconductor  particle  should be small and highly distributed uniformly 
with a spherical particle morphology. TiO2 nanorods coated  ZnO nanoparticle were synthesized by two-step i.e. (1) 
base hydrolysis and polymerization of TiO2 (2) ZnO nanoparticle  were coated with TiO2 layer. The TiO2 coated 
ZnO prepared was characterized by means of  X-ray diffraction (XRD), Reflectance spectroscopy, SEM and TEM. 
 
2. Method and Characterization 
2.1 Synthesis of TiO2 NRs –ZnO 
Treated TiO2 ball mill was refluxed under NaOH solution of 8, 10, and 12M for 24 hours. Then the mixture was 
filtered and neutralized to pH 7 using 0.1 M HCl to obtain a solid after dried at 60°C for 12 hours. While, the ZnO 
nanoparticles synthesized from the precursor ZnSO4.7H2O and NaOH at a mole ratio of 1: 2 in ethanol. Those 
mixtures were refluxed for 2 hours at 60°C. Then the solids obtained dried at a temperature of 60 – 70°C. 
Composites of TiO2 NRs - ZnO were prepared at ratio of TiO2 NRs:ZnO = 1: 1, 1: 2 and 2: 1 (w/w) in ethanol. 
Then, it was stirred for 10 minutes at room temperature. TiO2 NRS-ZnO composites were annealed at a temperature 
of 400oC. Material characterization was done by XRD, Reflectance spectroscopy, SEM and TEM. 
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2.2 Fabrication of DSSCs 
DSSCs fabrication used FTO glass as a substrate. Nanorods composite of TiO2–ZnOat various compositions as 
about 5 grams was dissolved in 2 mL of ethanol to obtain a paste. The pasta was then coated on FTO glass with slip 
coating method. Pt paste was also superimposed on another FTO glass to built counter electrode thin film. Both FTO 
based electrode was heated at a temperature of 400oC for 15 minutes.  Composite materials photoanode was soaked 
in a dye solution of N3 ruthenium complexes for 24 hours. Then, both electrodes were sealed and given a distance to 
immerse the electrolyte solution. The electrolyte was preparedfrom potassium iodide (KI) of 0.8 grams and iodine 
(I2) of 0.127 grams dissolved in 10 mL acetonitrile. After the electrolyte was immersed, the DSSCs was 
characterized by an I–V Keithley 2602A measurement. 
3. Result and discussion 
ZnO was synthesized using precursor ZnSO4.7H2O. During the synthesis process is running, the growth of ZnO 
occurs through a mechanism of reaction between precursor solution reacts with NaOH to produce Zn (OH)2, Na2SO4 
and H2O. Colloid will be formed when Zn
2+ and OH- reached critical solubility. Meanwhile, excess OH- ions will 
react with Zn(OH)2 to form complex ions Zn(OH)4
2-. In the presence of H2O and the energy supplied when the 
reflux process, Zn(OH)4
2- dissociate back to form Zn2+ and OH- ions which eventually form ZnO.  ZnO powder 
further heated at a temperature of 400, 500 and 600°C, and then it was characterized by XRD. The characterization 
results were shown in Fig. 1, which shows that the crystalline structure in accordance with the wurtzite hexagonal 
structure (JCPDS 36-1451). In addition, the diffraction pattern is shown in Fig. 1 shows the peak intensity increasing 
by rising temperatures. This is because of diffusion that occurs on the substrate surface was increasing and affecting 
an increase in the crystallinity of ZnO. The increased intensity of these peaks showed that the crystal structure 
toward the preferential orientation, that mean the crystals in the Wurtzite hexagonal structure (JCPDS No. 0036-
1451 WL 15406 Hexagonal-03 24982) with the crystallite size calculated for the (1 0 0), (0 0 2) and (1 0 1) peaks is 
about 20 nm. 
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Fig. 1.X-ray diffraction pattern of ZnO annealed at(a) 600oC, (b) 500oC, and (c)  400oC 
 
ZnO annealed at a temperature of 400oC have the greatest crystal size in than that at a temperature of 500°C and 
600°C. Thoseare due to these temperaturesare the transition region of the hexagonal structure formation of ZnO 
crystal. It was also been produced by Park et al(2012)5. Meanwhile, at a temperature of 500oC and 600oCthe crystal 
size becomes smaller, it may because of the energy supplied used to perfect hexagonal particles and crystalline 
formation (Table 1). 
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Table 1.Temperature dependence of ZnO nanoparticle crystal growth  
Annealed Temperature (oC) K λ (nm) B (o) B (rad) cos θ D (nm) 
400 
0,9 0,154 0,567 0,009 0,955 14,578 
500 
0,9 0,154 0,645 0,011 0,954 12,828 
600 0,9 0,154 1,117 0,019 0,954   7,412 
 
Reflectance (%R) properties show that the higher annealing temperature of ZnO preparations, the higher of %R 
value of ZnO thin layer (Fig. 2). ZnO annealed at 400oC was gained %R = 13.69%, at 500oC was gained %R = 
16.68% and at 600oC was gained% R = 18.78%. The difference properties are due to differences of light scattering 
resulting from the crystal size effect. 
 
(a) 
(b) 
(c) 
 
Fig. 2.Reflectance spectra’s of ZnO thin film annealed at (a) 400oC (b) 500oC and (c) 600oC 
 
Great crystal size has a great internal trajectory, where the photon absorption takes place following the 
Lambert-Beer law. At the relatively smaller size, there are proportionately more than the surface reflection of 
internal photon path length, so it will be higher reflectance6. Meanwhile, according to Khaldun et al (2012)7 the size 
of the crystals that have a good performance as an anti-reflection is around 20 nm, so that is similar in this result 
study of ZnO annealed at 400°C due to the greater crystal size. 
 
 
Fig. 3. Nanograph TEM of (a) ZnO nanoparticle (b) ZnO-coated TiO2 sheet 
 
The anti-reflection coating (ARC) has an important role in improving the efficiency of photovoltaic 
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devices by improving the coupling of light into the active side of the photovoltaic device. ARC ZnO, as well as 
grading and refractive index, can reduce reflection through destructive interference between waves reflective. 
ZnO has good transparency with index bias around 2.01 so that ZnO has ahigh potential to be developed as an 
anti-reflection coating material8,9. Fig. 3 shown nanograph TEM of ZnO nanoparticle and ZnO-coated TiO2 
layer that built the DSSCs photoanode. In order to gain high-efficiency DSSCs, the inorganic semiconductor  
particle  should be small and highly distributed uniformly with a spherical particle morphology. TEM 
nanograph shows that the synthesized ZnO have spherical morphology. It is shown that the ZnO nanoparticle 
coated TiO2 layers. The presence of anti-reflection ZnO thin layer coated on the surface of TiO2 was expected 
maximum light absorption. Optimum  light absorption of sunlight (photons) due to the effectiveness 
interaction between photons and dye. The SEM image of ZnO coated TiO2 was illustrated by Fig. 4. 
 
 
Fig. 4. SEM morphology of ZnO-coated TiO2 
 
DSSC performance conducted on TiO2 that modified with APTMS of 5%, 10% and 15% (v/v),respectively 
before addition of anti-reflectionZnO layer. At this DSSCsexperiment, we use N3 dye as a standard dye. There are 
not visible absorption in the visible region of FTO/TiO2 spectrum. DSSC performance testing has been carried out 
with equipment Keithley IV meter with P = 1000 W / m2. It was concluded that the ZnO prepared by annealed at 
400oCgain a good performance of the lowest reflectance value. The optimum performance ofDSSCs if we use the 
photoanode ZnO-coated TiO2 at present 10%APTMS as anchor dye group.  Fig. 5 shows the I-V curve result of 
DSSCs performance Bythe addition of ARC we have been capable improve cell performance so that cells achieve 
an efficiency of 1.13%. 
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Fig. 5. I-V characteristic of DSSCs build by ZnO-coated TiO2as present 10%APTMS as anchor dye group at dark condition (black line) and 
under illumination condition (red line). 
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4. Conclusion  
According to unique electrical and optical properties of ZnO semiconductor material, there are many potential 
important applications based on that material, including as an anti-reflection coating (ARC) in solar cells. Flat anti-
reflective coatings (ARC) made of ZnO on top to improve the optical properties of the coating. The ZnO 
nanoparticle was coated into TiO2 nanolayers in FTO conducting glass by a simple wet chemical route. TiO2 
nanorods coated  ZnO nanoparticle were synthesized by two-step i.e. (1) base hydrolysis and polymerization of TiO2 
(2) ZnO nanoparticle  were coated with a TiO2 layer. ZnO annealed at a temperature of 400
oC have the greatest 
crystal size in than that at a temperature of 500°C and 600°C. While, the Reflectance (%R)properties shows that, the 
higher annealing temperature of ZnO preparations,the higher of %R value of ZnO thin layer.The difference 
properties are due to differences of light scattering resulting from the crystal size effect.The size of the crystals that 
have a good performance as an anti-reflection is around 20 nm, result study of ZnO annealed at 400°C.The ZnO 
prepared by annealed at 400oCgain a good performance of the lowest reflectance value. In order to gain high-
efficiency DSSCs, the inorganic semiconductor  particle  should be small and highly distributed uniformly with a 
spherical particle morphology. TEM nanograph shows that the synthesized ZnO have spherical morphology. The 
optimum performance ofDSSCs if we use the photoanode ZnO-coated TiO2at present 10% APTMS as anchor dye 
group.  By the addition of ARC we have been capable improve cell performance so that that cells achieve an 
efficiency of 1.13%. 
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